SKLÁDANKA, J., DOLEŽAL, P., HRABĚ, F., ŠEDA, J., MIKYSKA, F.: Yields of perennial grasses in the summer and at the end of the growing season. Acta univ. agric. et silvic. Mendel. Brun., 2009, LVII, No. 2, pp. 105-114 The paper deals with the yields of Festulolium, Dactylis glomerata, Arrhenatherum elatius and FestuloliumDactylis glomerata mixture during the growing season and at the end of the growing season. The yields were assessed in the Bohemian-Moravian upland at 560 m a.s.l. A small-plot experiment was established in three repetitions. The assessment was made in three subsequent years. The experiment was annually fertilized with 50 kg . ha −1 N, 30 kg . ha −1 P and 60 kg . ha −1 K. Evaluated were dry matter yields and RYT values (Relative Yield Total) in the mixture of Festulolium and Dactylis glomerata. In summer, the sward was used either for one cut (harvest in early June) or two cuts (harvests in early June and late July). At the end of the growing season, the stand was harvested in October or in November or in December. Yields of the fi rst cut in early June ranged from 5.90 to 9.12 t . ha −1
. Yields of the second cut in late July ranged from 1.05 to 4.60 t . ha −1 . Statistic diff erence between the species was signifi cant (P < 0.05) in the respective cuts. Total yields of dry matter in the growing season ranged from 7.51 to 10.05 t . ha −1 . Number of cuts and year showed a statistically highly signifi cant infl uence (P < 0.01) on DM yields. The mixture of Festulolium and Dactylis glomerata exhibited an additive relation (RYT = 1) in the fi rst cut and an antagonistic relation (RYT < 1) in the second cut. At the end of the growing season, the yields ranged from 0.71 to 2.27 t . ha −1
. Average yields of one-cut swards (harvested in summer in early June) were at the end of the growing season 2.27 t . ha −1 and average yields of two-cut swards (harvested in summer in early June and late July) were 0.79 t . ha −1 . From October to December, the yields were decreasing from 1.78 to 1.32 t . ha −1 . Species, number of cuts in summer, harvest date at the end of the growing season and year showed a statistically highly signifi cant infl uence (P < 0.01) on dry matter yields. In the fi rst two production years, the mixture of Festulolium and Dactylis glomerata exhi bited an antagonistic relation (RYT < 1) at the end of the growing season. In the third production year, the relation between Festulolium and Dactylis glomerata as expressed by the RYT value could be identifi ed as synergic (RYT > 1).
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The yields of perennial fodder grasses depend on species characteristics and competition, on weather conditions, method and frequency of use as well as on water and nutrient supplies (KLAPP, 1971) . Biomass production is low at the beginning of the growing season, then rapidly increases and culminates in May. Depending on weather conditions, it subsequently decreases at various rates (PAVLŮ et al., 2006) . Towards the end of the growing season, the growth rate decreases, this relating to yields in the autumn and in winter (HALL et al., 1998) . Nevertheless, the growth of new leaves and the decay of old leaves may continue during the winter, too (HENNESSY et al., 2004) . In cold regions of Europe, grasslands show only low gains during winter with most of grasses present in the sward in winter persisting there since the autumn (WOLEDGE et al., 1990) . Yield amounts at the end of the growing season primarily depend on the duration of sward conservation before winter. If a sward is conserved from June, the fact will refl ect in higher production. On the other hand, a sward conserved only from August has lower production but higher quality. Early sward conservation in the growing season increases the autumn and winter yields (COLLINS and BALASKO, 1981; HENNESSY et al., 2006) . The species composition of a sward suitable for yearlong use features certain requirements. The species should be cold resistant and have a potential of growing at low temperatures. One of species long tested in the world is Festuca arundinacea (TAYLOR and TEMPELTON, 1976; OPITZ VON BOBERFELD and WOLF, 2002) . In spite of the fact that Festuca arundinacea meets the requirements imposed on species used for winter grazing, its utilization is limited by fodder pa la tabi li ty for ruminants . Interspecifi c hybrids of Festulolium combine the perennial character of the Festuca sp. with the high quality of the Lolium sp. (CASLER et al., 2002) . These prerequisites suggest that such hybrids in the sward intended for winter grazing may be a good alternative of Festuca arundinacea. Festulolium pabulare is a hybrid from the crossing of Festuca arundinacea and Lolium multifl orum (HERTZSCH, 1961; WACKER et al., 1984) . The use of Dactylis glome ra ta at the end of the growing season is mentioned by PRIGGE et al. (1999) and suitability of the species for winter grazing is mentioned also by KLAPP (1971) . In mixtures, the proportion of respective species in yields depends on competition, which affects the amount of biomass produced (OPITZ VON BOBERFELD, 1994) .
The goal of this work is to assess yields of selected grass species of winter character (Festulolium, Dactylis glomerata) and spring character (Arrhenatherum elatius) not only during the growing season but at the end of the growing season, too. At the same time, the eff ect will be assessed of the Festulolium and Dactylis glo mera ta mixture on yields. By the complex evaluation of yields of the studied grass species in the conditions of Central Europe, the paper extends the hither to knowledge not only with respect to the possibility of using the produced biomass for conserved fodders in the growing season, but also with respect to the possibility of using the species for the extension of the grazing period at the end of the growing season.
MATERIAL AND METHODS

Site description
The experiment was established in the Research Fodder Station -Faculty of Agronomy, Mendel University of Agriculture and Forestry Brno in Vatín (Bohemian-Moravian Upland) at an altitude of 560 m (49°31' N, 15°58' E), with the mean annual pre cipi ta tion [2005] [2006] [2007] . Annual spring fertilization with nitrogen in the form of ammonium nitrate with pulverized limestone (LAV) was made at 50 kg . ha −1 N, with phosphorus in the form of hypercorn at 30 kg . ha −1 P, and with potassium in the form of potassium salt at 60 kg . ha −1 K. The sward was harvested by using self-propelled mowing machine to a stubble height of 70 mm. In summer, the sward was either used for one cut (beginning of June) or for two cuts (beginning of June and end of July). At the end of the growing season, the sward was harvested either in October or in November or in December.
Experimental factors
Experimental factors during the growing season were as follows: species, number of cuts and year (Tab. I). Experimental factors at the end of the growing season were as follows: species, number of cuts in summer, harvest date at the end of the growing season and year (Tab. II).
Measurements
Characteristics studied were dry matter yields and RYT values. The RYT (Relative Yield Total) value was calculated according to the following formula (OPITZ VON BOBERFELD, 1994):
where a is weight of partner 1 in the mixture, b is weight of partner 1 in the monoculture, c is weight of partner 2 in the mixture, and d is weight of partner 2 in the monoculture. RYT>1 corresponds to synergic relation, RYT=1 to additive relation and RYT<1 to antagonistic relation.
Statistical analysis
Experimental results were evaluated by using the multifactor analysis of variance (ANOVA) and the subsequent Tukey test in Statistica 8.0 CZ. ). Species showed a statistically signifi cant infl uence (P < 0.05) on dry matter yields. Year exhibited a highly signifi cant infl uence (P < 0.01) on dry matter yields both in the fi rst and in the second cut. Total yields of dry matter (Tab. IV) in the growing season (the sum of both cuts) ranged in the studied species from 8.32 t . ha −1 to 8.99 t . ha −1
. Yields of two-cut swards and one-cut swards were 9.89 t . ha −1 and 7.51 t . ha −1
, resp. The diff erence was highly signifi cant (P < 0.01). Yields in the fi rst production year (10.05 t . ha −1 ) were higher than in the second production year (8.20 t . ha −1 ) or in the third production year (7.86 t . ha −1
). The factor of year showed a statistically highly signifi cant (P < 0.01) infl uence on dry matter yields during the growing season. DM yields at the end of the growing season (Tab. V) were aff ected not only by the species and year but also by the intensity of use at the end of the growing season. Highest yields were recorded at the end of the growing season in Arrhenatherum elatius (1.96 t . ha −1 ). Yields in Festulolium and Dactylis glome ra ta were 1.48 and 1.46 t . ha −1 , respectively. Swards more intensively used in summer (two-cut swards) showed at the end of the growing season yields of merely 0.79 t . ha −1 . On the other hand, extensively used swards (one-cut stands) exhibited at the end of the growing season yields of 2.27 t . ha −1 . From October to December, a gradual decrease of yields was obvious from 1.78 to 1.32 t . ha −1 . Species had a statistically highly signifi cant infl uence (P < 0.01) on dry matter yields at the end of the growing season. Statistically highly signifi cant infl uence (P < 0.01) was similarly shown by the number of cuts in summer and by the year. Highly signifi cant infl uence (P < 0.01) on DM yields had also the harvest date at the end of the growing season. Signifi cant (P < 0.05) decrease of yields was recorded between November and December. ) indicate statistically signifi cant diff erences at P < 0.05 level.
RYT values in the mixture of Festulolium and Dactylis glomerata ranged in the fi rst three years in the fi rst cut from 0.9 to 1.03 (Tab. VI). The share of Festulolium in the harvested herbage ranged from 20 to 24 % (Tab. VIII). In the second cut (Tab. VI), the RYT value was lowest (0.75) in the fi rst production year. In the second and third production year, it was 0.92 and 0.84, resp. The RYT value was considerably aff ected by the studied factors namely at the end of the growing season (Tab. VII). At the end of the growing season, the RYT values of extensively and intensively used swards were 1.49 and 0.52, resp. The number of cuts in summer showed a statistically highly si gnifi cant (P < 0.01) infl uence on the RYT values. Ap parent is also the increasing RYT value in the course of studied years from 0.80 to 1.35. The share of Festulolium increased from 25 % to 31 % (Tab. IX). 
VI: RYT values in the fi rst and second cut
DISCUSSION
Summer yields were aff ected especially by ecological factors and refl ected suffi cient precipitation, higher temperature and light day duration. Highest yields were recorded in the fi rst production year. The decrease of yields in the third production year could have been aff ected by gradual ageing of the sward. Dactylis glomerata and Arrhenatherum elatius in particular feature rapid development and then gradually withdraw from the sward (REGAL and ŠINDELÁŘOVÁ, 1970) . The slow development of Festulolium was apparent in the mixture with Dactylis glomerata where the species recorded success namely in the third production year.
Towards the end of the growing season, the yields were aff ected namely by the number of preparatory cuts in summer and further decreased in the autumn due to the decay of leaves. The drop of yields at the end of the growing season results particularly from the senescence and rotting of plant shoots (WOLF and OPITZ VON BOBERFELD, 2003) and also from unfavourable climatic conditions during the autumn and in winter (OPITZ VON BOBER-FELD et al., 2006) . The factor of year showed a considerable infl uence on yields, too. The eff ect of sward use at the end of the growing season on production in the subsequent year remains questionable. The eff ect of use late in the autumn and in winter on sward production in the following spring is variable (LAIDLAW and MAYNE, 2000) . The decreased production in the following spring was demonstrated by ROCHE et al. (1996) or by O'DONOVAN et al. (2002) . According to RIESTER et al. (2000) , the winter defoliation aff ects fi rst cut yields only in the case that it extends until March.
Grass mixtures are rather known for their additive relations (WOLF, 2002) expressed by RYT value equalling 1. ROSCHER (2007) observed RYT > 1 in grass mixtures with the RYT values not increasing with the increasing species diversity. REMISON and SNAYDON (1980) recorded RYT > 1 in the mixture of Dactylis glomerata and Lolium perenne. By contrast, this work rather points in the mixture of Festulolium and Dactylis glomerata to an additive relation (RYT = 1) in the fi rst cut. WOLF (2002) mentions in the grass mixture of Festulolium and Lolium perenne an antagonistic relation (RYT < 1) at the end of the growing season. In the fi rst two production years, the antagonistic relation at the end of the growing season was observed also in the assessed mixture of Festulolium and Dactylis glomerata. The sown species competed with one another. The horizontal expansion of short-stoloniferous Festulolium occurred gradually as it follows out from the share in harvested herbage (Tab. IX). The room is usually not entirely fi lled yet and the achieved RYT < 1 values are not yet permanent (OPITZ VON BOBERFELD, 1994). The ap paren tly increasing RYT value was recorded between the second and third studied year. This is mentioned by WOLF (2002), too. Based on the RYT value, the relation between Festulolium and Dactylis glomerata in the third production year could be defi ned as synergic (RYT > 1). The short-stoloniferous Festulolium did better in the mixture. Especially in July, the yields of the mixture were apparently lower than the yields of individual components in the monoculture. Profound diff erences existed between the mixture and Dactylis glomerata. In the three assessed years, it was not possible to speak about a positive infl uence of the Festulolium and Dactylis glomerata mixture on the yields of yearlong used swards.
The complex evaluation of Festulolium, Dactylis glome ra ta and Arrhenatherum elatius yields shows an obvious potential of these grass species for reaching high yields not only in the fi rst cut but also at the end of the growing season. Regarding the amounts of yields achieved in the conditions of Central Europe, the studied species can be used in the fi rst cut for the production of conserved fodders and in the autumn or in winter for the extension of the grazing period. A necessary prerequisite is however sufficient time for biomass growth.
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SUMMARY
The goal of this work was assessment of yields in selected grass species (Festulolium, Dactylis glomerata and Arrhenatherum elatius) during the growing season and at the end of the growing season. At the same time, yields were assessed of the Festulolium and Dactylis glomerata mixture. By the complex evaluation of yields of the studied grass species in the conditions of Central Europe, the paper extends the hitherto knowledge not only with respect to the possibility of using the produced biomass for conserved fodders in the growing season, but also with respect to the possibility of using the species for the extension of grazing period at the end of the growing season. The experiment took place in the Bohemian-Moravian Upland at an altitude of 560 m. The small-plot trial was established in three repetitions. The assessment was made in three subsequent years. Annual spring fertilization was 50 kg . ha −1 N, 30 kg . ha −1 P and 60 kg . ha −1 K. In summer, the sward was used either as one-cut stand (harvested in early June) or as a two-cut stand (harvested in early June and late July). At the end of the growing season, the sward was harvested in October or in November or in December. Studied characteristics were dry matter yields and RYT values. Results were evaluated by using the multifactor analysis of va riance (ANOVA) and by the subsequent Tukey test. Yields from the fi rst cut in Festulolium, Dactylis glo mera ta and Arrhenatherum elatius were 7.02, 7.67 and 7.70 t . ha ) in the second cut. The factor of species showed a statistically signifi cant infl uence (P < 0.05) on dry matter yields and the factor of year had a highly signifi cant infl uence (P < 0.01) on dry matter yields. Total yields of two-cut and one-cut stands amounted to 9.89 and 7.51 t . ha −1 , resp. The diff erence was statistically highly signifi cant (P < 0.01). Highest yields at the end of the growing season were those of Arrhenatherum elatius (1.96 t . ha . The yield of swards used in summer as one-cut stands was at the end of the growing season 2.27 t . ha . From October to December, the yields dropped from 1.78 to 1.32 t . ha −1 . Species, number of cuts in summer, harvest date at the end of the growing season and year showed a highly signifi cant infl uence (P < 0.01) on dry matter yields. RYT values in the mixture of Festulolium and Dactylis glomerata ranged in the fi rst cut from 0.9 to 1.03. At the end of the growing season, the RYT value in the fi rst two years was 0.80 and 0.87 and increased to 1.35 in the third year. In the fi rst two years, it was impossible to speak about a positive infl uence of the Festulolium and Dactylis glo me rata mixture on yields of the yearlong used sward. In the third production year, the relation between Festulolium and Dactylis glomerata could be considered synergic based on the RYT value. The complex evaluation of the yields of Festulolium, Dactylis glomerata and Arrhenatherum elatius showed an apparent potential of these species for the achievement of high yields not only in the fi rst cut but at the end of the growing season, too. Regarding the level of yields achieved in the conditions of Central Europe, the studied species can be used in the fi rst cut for conserved fodders and in the autumn or in winter for the extension of the grazing period. A necessary prerequisite is a suffi cient time for the growth of biomass.
SOUHRN
Výnosy vytrvalých trav v létě a na konci vegetačního období
Cílem tohoto příspěvku bylo posoudit výnosy vybraných druhů trav (Festulolium, Dactylis glomerata a Arrhenatherum elatius) v průběhu vegetačního období a na konci vegetačního období. Zároveň byly posouzeny výnosy směsi Festulolium a Dactylis glomera. Komplexním posouzením výnosů sledovaných druhů ve středoevropských podmínkách rozšiřuje tento příspěvek informace nejenom s ohledem na možnost využít vyprodukovanou biomasu na výrobu konzervovaných krmiv ve vegetačním období, ale také na možnost využít tyto druhy pro prodloužení pastevního období na konci vegetačního období. Pokus proběhl na Českomoravské vrchovině v nadmořské výšce 560 m n. m. Maloparcelkový pokus byl založen ve třech opakováních. Hodnocení probíhalo ve třech po sobě následujících letech. Každoročně bylo na jaře aplikováno 50 kg . ha −1 N, 30 kg . ha −1 P a 60 kg . ha −1 K. V létě byl travní porost využíván buď jako jednosečný (sklizeň počátkem června) nebo jako dvousečný (sklizeň počátkem června a koncem července). Na konci vegetačního období byl porost sklízen buď v říjnu, listopadu nebo v prosinci. Sledovanými charakteristikami byly výnosy sušiny a hodnoty RYT. Výsledky byly vyhodnoceny vícefaktorovou analýzou variance (ANOVA) a následným testováním Tukeyovým testem. Výnosy v první seči byly u Festulolium 7,02 t . ha −1
. Dactylis glomerata a Arrhenatherum elatius měly výnosy 7,67, resp. 7,70 t . ha ). Druh měl statisticky průkazný vliv (P < 0,05) na výnosy sušiny a rok měl vysoce průkazný vliv (P < 0,01) na výnosy sušiny. Dvousečné porosty měly celkové výnosy 9,89 t . ha −1 a jednosečné porosty 7,51 t . ha −1
. Uvedený rozdíl byl statisticky vysoce průkazný (P < 0,01). Na konci vegetačního období byly nejvyšší výno-sy u Arrhenatherum elatius (1,96 t . ha . Po-
